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Description 

[0001] This invention relates to a method for produc- 
ing a cement for medical use according to which a liquid 
component containing a polymerizable substance is 5 
combined with a solid component comprising a plastic 
substance to provide a setting mass to form the cement 
which is characterized in that prior to combining said liq- 
uid and solid components, said plastic substance is 
mixed with an in vivo non-resorbable, particulate crys- 
talline ceramic material which has been subjected to a 
sintering process. The invention also relates to a cement 
for such uses and to the use of set cement as an an- 
chorage for the fixation of prostheses or parts of pros- 
theses or bone and as a substitute material for bone. 
[0002] The use of anchorage substances in surgical 
procedures, especially for implants, has led to the de- 
velopment of so-called bone cement. The most common 
use of bone cement has been to fill the gap between a 
joint Implant and tissue, primarily bone. As the cement 
sets around an implant immediate fixation will be 
achieved. This Is especially Important in the often sev- 
erly handicapped eiderly group of patients being oper- 
ated with joint implants. When bone cement is used 
weight bearing is generally allowed within the first post- 
operative days. The most important complication hith- 
erto has been infection, joint implants breakage or dis- 
location. Through strict aseptic and antiseptic measures 
and methodologic development the most severe prob- 
lems today are wear of the polymer component and 
loosening between the metallic and polymer Implants 
and bone leading to an interface failure with bone re- 
sorption and loss of implant anchorage. An improve- 
ment of material and technique has been going on since 
joint Implant procedure with the bone cement started In 
the late 1 950's through cooperation between research- 
ers, engineers, manufacturers and surgeons. 
[0003] The most important development in the area 
of bone cement has been a change of the additives used 
in bone cement. Various substances with particles be- 
tween 20-300 micrometers in size have been used. Par- 
ticulate additive powder has mainly been used in a 
spherical fomfi. This may be regarded as the accepted 
technique today. Both resorbable particulate powder 
such as tri-calcium phosphate and non-resorisable 
powder such as zirconium oxide have been used, The 
addition of particulate powder varies between 5-30% 
with 20-25% regarded as optimum. In contrast to the ad- 
ditives which have a secondary role, for example zirco- 
nium oxide or barium sulphate which give a radiopaque 
bone cement, and tri-calcium phosphate which gives a 
porous cement, new additives will have to be developed 
to improve both the biological and mechanical proper- 
ties of bone cement. 

[0004] The aim of this invention has been to develop 
additives which improve the mechanical properties of 
bone cement and the tissue interface reaction giving a 
quicker bone or tissue in-/ongrowth to the implant. 



[0005] A further aim has been to reduce the radioac- 
tivity from zirconium oxide but still allow the bone ce- 
ment to be mixed by modem mixing procedures, which 
further improves cement quality and reduces monomer 
exposure in the operating area. Adding crystalline ce- 
ramic particulate powder to the polymer methacrylate 
will resolve some of the problems given above. It is im- 
portant that a ceramic additive Is produced in the classic 
way in the temperature curve span where the sintering 
of particulate powdertakes place. It excludes dried pow- 
der or powder produced through agglumeration. Ceram- 
ic powder for bone cement may be produced in two dif- 
ferent ways. The first possibility is to produce a synthetic 
or biological powder with the requested homogeneity 
followed by sintering in an oven. The sintered beads will 
then be ground, a procedure that is technically known. 
After selection of the distribution and size of beads the 
crystalline ceramic powder is added to the bonecement. 
The second possibility is to use the above described 
powder together with water or other solutions in order 
to get a dough with a microporosity through a special 
working procedure which dough then will be sent for dry- 
ing. The mixture will be sintered in the classic way. In 
the following descripton of the invention the first method 
is used. 

[0006] To improve the interface and the biological tis- 
sue ingrowth it is according to the invention important 
that the size of the beads is smaller than those previ- 
ously used. 

[0007] At least 50% of the added beads should be less 
than 50 micrometers with a gaussian curve of distribu- 
tion and at least 50% of the above additive should be 
less than 3 micrometers. By using this bead size and 
distribution the rheologicai properties of the invented 
bone cement will be enhanced and the contact area in- 
creased at the cement surface. This allows for a rapid 
tissue ingrowth. It Is possible to add further separate 
crystalline ceramic additives according to the procedure 
above. 

[0008] Antibiotics containing bone cement have been 
used since the beginning of the 70's. The antibiotic gran- 
ulate is dissolved from the surface of the bone cement. 
This gives a high antibiotic tissue concentration thereby 
killing bacteria pre- and postoperatively. The antibiotics 
may be administered in the bone cement in three differ- 
ent ways. The first way is to add powder to the cement. 
The second way is to add antibiotics to the seperate 
crystalline ceramic beads through a phannaceutical 
procedure as for instance after soaking In an antibiotic 
solution. The antibiotics will then be administered into 
bone cement together with crystalline powder. By this 
procedure the antibiotics will be at the surface of the ad- 
ditive. This gives the advantage of administering antibi- 
otics with extremely variable acting mechanisms. It Is 
also possible to use a combination of antibiotics both in 
the bone cement as a powder as well as by integration 
into the additive ceramic crystalline powder. 
[0009] The third possibility is to add antlbiottes as a 
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solution to the bone cement. 
[0010] Finally, to avoid absorption of mononnerfluidto 
a considerable extent by the porous particles, the pores 
can be filled with monomerisable material with a low 
consistency. After polymerization it might be necessary 
to grind the material In order to achieve the desired par- 
ticle size. 

[0011] The possibility of using cement application in 
humans today depends on whether or not it could be 
used In delivery systems, especially in combination with 
vacuum. This could be achieved by using an appropriate 
viscosity (rheological properties) of the bone cement. 
The bone cement defined above will preferably be used 
together with vacuum and injected Into humans through 
a delivery system with a cement viscosity that allows this 
procedure. 

[001 2] By using the bone cement according to the in- 
vention in a closed system during mixture and delivery 
no transfer of the bone cement is necessary. One such 
suitable system is so-called Preepacl< in which the solid 
and liquid components are contained separated from 
each other In different individual chambers within one 
and the same container, wherein the chambers are con- 
nected to each other when the components are to be 
combined. 

[001 3] By adding heat to the bone cement during the 
mixing procedure the setting time will be reduced; and 
by chilling the bone cement the setting time will be In- 
creased. By using different temperature Intervals It will 
be possible to Individualize the setting time of the above 
described bone cement according to the invention. 
[0014] The main area of the above described bone ce- 
ment Is to be used in anchoring joint Implants or bone 
and as a bone substitute. 

Example 1 

[001 5] A synthetically produced hydroxyl apatite pow- 
der is mixed with a synthetic zirconium oxide In a pro- 
portion of 8:2. The powder is heated to 1250'*C with a 
soft powder shaking procedure. This is followed by a 
grinding procedure and classification of the powder. As 
an example 5g of the crystalline ceramic beads thus pro- 
duced will be added to 35g of bone cement to achieve 
polymerization and the monomer will be filled separate- 
ly. 

Example 2 

[0016] As example 1 with the exception that zirconium 
oxide is replaced with aluminium oxide. 

Example 3 

[0017] Asinexamplel In which a non-Ionic crystalline 
X-ray contrast aid preferably lohexol is used instead of 
zirconium oxide. 



Example 4 

[0018] As In example 1 in which crystalline ceramic 
calcium phosphate is used instead of zirconium oxide. 

5 

Example 5 

[001 9] As In example 1 -4 with the exception that a me- 
tallic ceramic powder Is used. 

10 

Example 6 

[0020] As example 1 -5 with an antibiotic powder add- 
ed. 

15 

Example? 

[0021] As example 1 -6 where the monomer is mixed 
with an addition of antibiotics. 

20 

Example 8 

[0022] As in example 1-4 with crystalline ceramic 
powder which is soal<ed and dried with antibiotics prior 
25 to the mixing. 

Example 9 

[0023] 1 0g of crystalline particles are soaked with me- 
30 thyi methacrylate containing a polymerization starting 
system. After curing for 24 hours the material is ground, 
classified and added to the bone cement powder in or- 
der to get 5g of crystalline ceramic in 45g of polymer 
powder. 

35 

Claims 

1 . Method for producing a cement for medical use, In 
40 which a liquid component comprising a polymerlz- 
able substance is combined with a solid component 
comprising a plastic substance to provide a setting 
mass which is set to form the cement, character- 
ized In that prior to combining said liquid and solid 
45 components, said plastic substance is mixed with 
an in vivo non-resorisable, particulate crystalline ce- 
ramic material which has been subjected to a sin- 
tering process. 



50 2. Method according to claim 1 , characterized In that 
said particulate crystalline ceramic material is cho- 
sen among calcium phosphate, zirconium oxide or 
non-Ionic X-ray contrast aid, hydroxyl apatite, alu- 
mina, metallic ceramics and combinations thereof. 

55 

3. Method according to claim 1 or 2, characterized in 
that said particulate crystalline ceramic material Is 
a mixture of calcium phosphate/alumina or calcium 
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phosphate/zirconium oxide. 

4. Method according to any of ciaims 1 -3, character- 
ized In that crystalline ceramic calcium phosphate 
is mixed with a non-ionic X-ray contrast aid, prefer- 
ably lohexol. 

5. Method according to claim 4, characterized in that 

at least 50% of the particulate material has a particle 
size of less than 20 micrometer. 

6. Method according to claim 4, characterized In that 
the particle size distribution of said particulate ma- 
terial follows in general a gaussian curve of distri- 
bution. 

7. Method according to claim 5 or 6, characterized in 
that at least 50% of the gaussian distributed parti- 
cles have a particle size of less than 3 micrometer. 

8. Method according to claim 1 and 3, characterized 
In that the particulate sintered crystalline ceramic 
material is mixed with the solution, preferably acr- 
ylate, the setting mass Is grinded to a particle size 
wherein at least 50% of the particulate material has 
a particle size of less than 20 microns, and/or 
wherein the particle size distribution of said partic- 
ulate material follows in general a gaussian curve 
of distribution and/or wherein at least 50% of the 
gaussian distributed particles have a particle size 
of less than 3 micrometer. 

9. Method according to any of the preceding claims, 
characterized in that an antibiotic or a mixture of 
antibiotics is contained in either of said solid or liquid 
components. 

10. Method according to any of the preceding claims, 
characterized in that the mixing of said solid and 
liquid components as well as the application of the 
setting mass are carried out under vacuum. 

11. Method according to any of the preceding claims, 
characterized in that said solid and liquid compo- 
nents are contained or packed in different individual 
chambers of a common container. 

12. Method according to claim 1 1 , characterized inthat 
a communication is provided between said individ- 
ual chambers so as to bring about the mixing of said 
solid and liquid components within the common 
container. 

13. Method according to any of the preceding claims, 
characterized in that the setting characteristic of 
the setting mass is adjusted through supply or with- 
drawal of heat. 



14. Use of a cement as obtained through the method 
according to any of claims 1 -1 3 for the manufacture 
of a medicament as an anchoring means to fix pros- 
theses or parts of prostheses. 

5 

15. A cement for medical use, comprising a liquid com- 
ponent which comprises a polymerizable substance 
and a solid component which comprises a plastic 
substance, wherein said liquid and solid compo- 

10 nents provide a setting mass which is set to form 
cement, characterized in that said solid compo- 
nent further comprises an in vivo non-resorbabie, 
particulate crystalline ceramic material having been 
subjected to a sintering process. 

15 

16. Cement according to claim 15, characterized in 
that said particulate crystalline ceramic material is 
selected from the group consisting of calcium phos- 
phate, zirconium oxide, hydroxyl apatite, alumina, 

20 metallic ceramics, non-ionic X-ray contrast aid or 
combinations thereof. 

17. Cement according to claim 15 or 1 6, characterized 
in that said material is an X-ray contrast aid, pref- 

25 erabiy lohexol. 

18. Cement according to any of claims 15-17, charac- 
terized in that It also contains an antibiotic or a mix- 
ture of antibiotics. 

30 

19. Cement according to any of claims 15-18, charac- 
terized in that at least 50% of said material has a 
particle size of less than 20 micrometer. 

35 20. Cement according to any of claims 15-18, charac- 
terized in that the particulate crystalline ceramic 
material has particle sizes distributed in accordance 
with a gaussian curve of distribution. 

40 21. Cement according to claim 20, characterized in 
that at least 50% of said particulate material has a 
particle size of less than 3 micrometer. 



45 PatentansprQche 

1 . Verfahren zum Herstellen eines Zements fur medi- 
zinischen Gebrauch, bei dem eine flussige Kompo- 
nente, die eine polymerislerbare Substanz enthalt, 

50 mit einer fasten Komponente, die eine Kunststoff- 
substanz enthalt, kombiniert werden, um eine ab- 
bindende Masse zu schaffen, die abbindet, um den 
Zement zu bilden, dadurch gekennzelchnet, daB 
vorderKombination derflQssigen undfesten Kom- 

55 ponenten die Kunststoffsubstanz mit einem kristal- 
linen, nicht resorbieriaaren Partikel-Keramikmaterl- 
al In vivo gemlscht wird, wobei das kristalline Parti- 
kel-Keramikmaterial einem SinterprozeB untenvor- 
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fen worden ist. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das kristalline Partikel-Keramikma- 
terial aus Cateiumphosphat, Zirkonoxid oder 
nichtionischer Rontgenstrahlen-Kontrasthilfe, Hy- 
droxyl-Apatit, Atuminiumoxid, Metallkeramiken und 
Kombinationen hiervon gewahit ist. 

3. Verfahren nach Anspmch 1 Oder 2, dadurch ge- 
kennzeichnet, daB das kristalline Parti kel-Kera- 
mikmaterial ein Gemisch aus Calciumphosphat/ 
Aluminiumoxid Oder Cateiumphosphat/Zirkonoxid 
ist. 

4. Verfahren nach einem der Anspriiche 1 -3, dadurch 
gekennzeichnet, daB das kristalline Keramik-Cal- 
ciumphosphat mit einer nicht-ionischen Rontgen- 
strahlen-Kontrasthilfe, vorzugsweise Lohexol, ge- 
mischt Ist. 

5. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet, daB wenigstens 50 % des Partikelmate- 
rials eine Partikeigr6l3e von weniger als 20 Mikro- 
meter hat. 

6. Verfahren nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die PartlkelgroBenverteilung des 
Partikelmaterials im allgemeinen einer GauBschen 
Verteilungskurve folgt. 

7. Verfahren nach Anspmch 5 oder 6, dadurch ge- 
kennzeichnet, daB wenigstens 50 % der gema3 ei- 
ner GauBschen Verteilung verteiiten Partikel eine 
PartlkelgrdlBe von weniger als 3 i\4ikrometern ha- 
ben. 

8. Verfahren nach Anspruch 1 und 3, dadurch ge- 
kennzeichnet, daB das gesinterte kristalline Parti- 
kel-Keramikmaterial mit der Losung, vorzugsweise 
Acrylat, gemlscht wird, wobei die abblndende Mas- 
se auf eine PartikelgroBe geschliffen wird, wobei 
wenigstens 50 % des Partikelmaterials eine Parti- 
kelgroBe von weniger als 20 Mikron besitzen, und/ 
Oder wobei die PartikelgroBenverteilung des Parti- 
kelmaterials im allgemeinen einer GauBschen Ver- 
teilungskurve folgt und/oder wobei wenigstens 50 
% der gemaB einer GauBschen Verteilung verteii- 
ten Partikel eine PartikelgroBe von weniger als 3 Mi- 
krometer besltzen. 

9. Verfahren nach einem der vorhergehenden Ansprii- 
che, dadurch gekennzeichnet, daB eIn Antlbioti- 
kum Oder ein Gemisch aus Antibiotlka entweder in 
der festen oder in der fiussigen Komponente ent- 
halten ist. 

10. Verfahren nach einem der vorhergehenden AnsprO- 



che, dadurch gekennzeichnet, daB das MIschen 
der festen und fiussigen Komponenten sowie die 
Aufbringung der abbindenden Masse unter Vakuum 
ausgefuhrtwerden. 

5 

1 1 . Verfahren nach einem der vorhergehenden Ansprii- 
che, dadurch gekennzeichnet, daB die festen und 
fiussigen Komponenten in verschledenen einzel- 
nen Kammem eines gemelnsamen Behalters ent- 

10 haiten oder darin verpackt sind. 

12. Verfahren nach Anspruch 11, dadurch gekenn- 
zeichnet, daB zwischen den einzelnen Kammern 
eine Kommunikation vorgesehen ist, urn das Mi- 

is schen der festen und fiussigen Komponenten in 
dem gemelnsamen BehSlter herbeizufuhren. 

13. Verfahren nach einem der vorhergehenden Ansprii- 
che, dadurch gekennzeichnet, daB die Abbln- 

20 dungseigenschaft der abbindenden Masse durch 
Zufuhren oder AbfQhren von Warme eingestellt 
wird. 

14. Verwendung eines Zements, der durch das Verfah- 
25 ren nach einem der Anspriiche 1 -13 erhalten wird, 

fiir die Herstellung eines Medikaments ais Veran- 
kerungsmittel zum Befestigen von Prothesen oder 
Teilen von Prothesen. 

30 15. Zement zur medizinischen Venvendung, der eine 
flijsslge Komponente, die eine poiymerislerbare 
Substanz enthait, und eine feste Komponente, die 
eine Kunststoffsubstanz enthait, umfaBt, wobei die 
fiussigen und festen Komponenten eine abblnden- 

35 de Masse schaffen, die. abbindet, um Zement zu 
biiden, dadurch gekennzeichnet, daB die feste 
Komponente ferner ein kristallines nicht resorbier- 
bares Partikel-Keramtkmaterial in vivo umfaBt, das 
einem SinterprozeB unterworfen worden Ist. 

40 

16. Zement nach Anspnjch 15, dadurch gekennzeich- 
net, daB das kristalline Partikel-Keramikmaterial 
aus der Gaippe gewahit ist, die aus Calciumphos- 
phat, Zirkonoxid, IHydroxyl-Apatit, Aluminiumoxid, 

45 Metallkeramiken, nichtionischer Rontgenstrahlen- 
Kontrasthilfe Oder Kombinationen hiervon besteht. 

17. Zement nach Anspruch 15 der 16, dadurch ge- 
kennzeichnet, daB das Material eine Rontgen- 

50 strahlen-Kontrasthilfe, vorzugsweise Lohexol, ist. 

18. Zement nach einem der Anspriiche 1 5-1 7, dadurch 
gekennzeichnet, daB er auBerdem ein Antlbioti- 
kum Oder ein gemisch aus Antiblotika enthait. 

55 

19. Zement nach einem der Anspriiche 15-1 8, dadurch 
gekennzeichnet, daB wenigstens 50 % des Mate- 
rials eine PartikelgroBe von weniger ais 20 Mikro- 
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meter besitzen. 

20. Zement nach einem der Anspruche 1 5-1 8, dadurch 
gekennzelchnet, daB das kristalline Partikel^Kera- 
mikmaterial PartikelgroBen hat, die gemaB einer 
GauBschen Verteilungskurve verteiltsind. 

21 . Zement nach Anspruch 20, dadurch gekennzelch- 
net, daB wenlgstens 50 % des Partikelmaterials el- 
ne PartikelgroBe von weniger als 3 Mikrometer ha- 
ben. 



Revendications 

1. Proc6d6 pour preparer un ciment k utilisation m6* 
dicale, dans lequel on combine un composant liqui- 
de comprenant une substance polym^risable avec 
un composant sollde comprenant une substance 
plastique pour obtenir une mati^re de prise qui 
prend pour fonner ie ciment, caracterise en ce 
que, avant de combiner iesdits composants liquide 
et solide, on melange iadite substance plastique 
avec une mati^re c6ramique cristalline parliculaire 
non resorbable in vivo, qui a ete soumise ^ un pro- 
c6d6 de frittage. 

2. Precede seion la revendication 1, caracterise en 
ce que Iadite matiere ceramique cristalline particu- 
laire est choisie pamni Ie groupe comprenant Ie 
phosphate de calcium, i'oxyde de zirconium pu en- 
core un adjuvant de contraste radiologique non io- 
nique, I'hydroxy-apatite, I'alumine, des ceramiques 
mStalliques et leurs combinaisons. 

3. Proc6d6 selon la revendication 1 ou 2, caracterise 
en ce que Iadite matifere c6ramique cristalline par- 
ticulalre est un melange de phosphate de calcium/ 
alumine ou de phosphate de calclum/oxyde de zir- 
conium. 

4. Proc6d6 selon I'une quelconque des revendications 
1 3, caracterise en ce qu'on melange du phospha- 
te de calcium ceramique cristallin avec un adjuvant 
de contraste radiologique non ionique, de preferen- 
ce du lohexol. 

5. Precede selon la revendication 4, caracterise en 
ce qu'au moins 50 % de la matiere partteulaire pos- 
sede une granulometrle inferieure ^ 20 microme- 
tres. 

6. Procede selon la revendication 4, caracterise en 
ceque la distribution granulometrlque de Iadite ma- 
tiere particuiaire suit en general une courbe de dis- 
tribution gausstenne. 

7. Procede selon la revendication 5 ou 6, caracterise 



en ce qu'au moins 50 % des particuies soumises h 
une distribution gaussienne possddent une granu- 
lometrie Inferieure d 3 micrometres. 

5 8. Procede selon les revendications 1 et 3, caracteri- 
se en ce qu'on melange la matiere ceramique cris- 
talline frittee particuiaire avec une solution, de pre- 
ference de I'acrylate, on broie la matiere de prise 
pour obtenir une granulometrie dans laquelle au 
10 moins 50 % de la matiere particuiaire possede une 
granulometrie inferieure k 20 microns, et/ou dans 
laquelle la distribution granulometrique de Iadite 
matiere particuiaire suit en general une couri3e de 
distribution gaussienne et/ou dans laquelle au 
IS moins 50 % des particuies soumises k une distribu- 
tion gaussienne possedent une granulometrie Infe- 
rieure a 3 micrometres. 

9. Procede selon I'une quelconque des revendications 
20 precedentes, caracterise en ce qu'un antiblotique 

ou un melange d'antibiotiques estcontenu dans t'un 
ou I'autre desdits composants solide et liquide. 

10. Precede selon I'une quelconque des revendications 
25 precedentes, caracterise en ce qu'on effectue Ie 

melange desdits composants solide et liquide, ainsi 
que Tapplication de la masse de prise dans des con- 
ditions de vide. 

30 11. Precede selon I'une quelconque des revendications 
precedentes, caracterise en ce que Iesdits com- 
posants solides et liquides sont contenus ou sent 
conditlonnes dans differentes chambres individuel- 
les d'un recipient commun. 

35 

12. Precede selon la revendication 11 , caracterise en 
ce qu'on etabllt une communication entre lesdites 
chambres indivlduelles de fa^on a obtenir un me- 
lange desdits les composants solide et liquide k I'in- 

40 terieur du recipient commun. 

13. Precede selon I'une quelconque des revendications 
precedentes, caracterise en ce qu'on regie lesca- 
racteristiques de prise de la matiere de prise par 

45 apport ou retrait de chaleur. 

14. Utilisation d'un ciment tel qu'on Tobtient via ie pro- 
cede selon I'une quelconque des revendications 1 
^13, pour la preparation d'un medicament k tltre de 

50 meyen d'ancrage pour fixer des protheses ou des 
parties de protheses. 

15. Ciment k utilisation medicate comprenant un com- 
posant liquide qui comprend une substance poly- 

55 merlsable et un composant solide qui comprend 
une substance plastique, dans lequel Iesdits com- 
posants liquide et solide procurent une matiere de 
prise qui prend pour fonner un ciment, caracterise 
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en ce que ledit composant solide comprend en 
outre une matiere c6ramique cristaliine particulaire 
non resorbable in vivo, quia soumise k un pro- 
c6d6 de frittage. 

5 

16. Ciment selon la revendication 15, caracterise en 
ce que ladite matiere c^ramique cristaliine particu- 
laire est cliolsie panni le groupe connprenant le 
phosphate de calcium, I'oxyde de zirconium ou en- 
core un adjuvant de contraste radiologique non io- io 
ntque, I'hydroxy-apatite, ralumine, des c6ramiques 
metaillques ou leurs combinaisons. 

17. Ciment selon la revendication 15 ou 16, caracteri- 
se en ce que ladite mati&re est un adjuvant de con- 
traste radiologique, de preference du tohexol. 

18. Ciment selon Tune quelconque des revendications 
15^17, caracterise en ce qu'tl contient egalement 

un antibiotique ou un melange d'antibiotiques. 20 

19. Ciment selon i'une quelconque des revendications 
15 6 18, caracterise en ce qu'au moins 50 % de 
ladite matiere possede une granulometrie Inferieu- 

re a 20 micrometres. 25 

20. Ciment selon I'une quelconque des revendications 
15 618, caracterise en ce que la matiere cerami- 
que cristaliine particulaire possede des granulome- 
tries distribuees conformement a une courbe de 30 
distribution gaussienne. 

21. Ciment selon la revendication 20, caracterise en 
ce qu'au moins 50 % de ladite matiere particulaire 
possedent une granulometrie inferieure a 3 micro- 35 
metres. 
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